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METHOD AND APPARATUS FOR SCANNING IMAGES 

Albert D. Edgar 
Steven C. Penn 

BACKGROUND OF THE INVENTION 

Field of the Invention 


The present invention relates to the generation of a digital representation 
of an image, such as by scanning an image with light. More particularly, one 
embodiment of the present invention provides a method and system which may 
be used to correct image defects. 


Photographs, slides, documents and other images are often electronically 
scanned to produce an electronic or digital representation of the image. The 
digital representation of the image is often captured, for example, by scanning 
the image with light in order to generate a digital representation of the image. 
The digital representation of the image may be stored (e.g., as a data file stored 
on an optical or magnetic disc), manipulated, displayed (such as on a video 
monitor or other suitable display device), and/or used to prepare a reproduction 
of the image on a medium (e.g., printed on a suitable substrate such as paper). 



Description of Related Art 
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Since image capture techniques such as scanning essentially produce a 
digital "copy" of the original image, the digital copy will necessarily include any 
defects present in the image substrate. For example, surface defects such as 
dust, scratches, fingerprints, smudges, and the like which are present on the 
5 original image substrate will also be present in the digital representation of that 
image generated by scanning. 

Recently, methods for eliminating defects in electronically captured 
images have been developed. For example, one conventional method utilizes 
both visible and infrared light for scanning. The addition of an infrared scan 
10 allows surface defects to be eliminated from the digital representation of the 
image. While scanning an image with both visible and infrared light is an 
effective technique for eliminating image defects, this method can be difficult to 
implement. 

SUMMARY OF THE INVENTION 

15 The present invention provides a method for generating a digital 

representation of an image, comprising: applying visible and infrared light to an 
image storing medium which includes the image; directing the visible and 
infrared light which is reflected from or transmitted through the image storing 
medium to a reflective surface, wherein the visible light is reflected by the 

20 reflective surface towards a first sensor and the infrared light is transmitted 
through the reflective surface towards a second sensor; detecting the visible light 
which is reflected from or transmitted through the image storing medium at the 
first sensor in order to provide a first image signal; and detecting the infrared light 
which is reflected from or transmitted through the image storing medium at the 

25 second sensor in order to provide a second image signal. The second image 
signal may be used to modify the first image signal to generate a modified digital 
representation of the image. Alternatively, the visible light may be transmitted 
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through the reflective surface towards the first sensor, and the infrared light 
reflected by the reflective surface towards the second sensor. 

The visible and infrared light may be applied simultaneously to the image 
storing medium from the same light source, or separate infrared and visible light 
sources may be utilized. The system may be configured such that the visible 
light may be focused on the first sensor, and the infrared light may be focused 
on the second sensor. For example, the optical distance between the image 
storing medium and the first sensor may be different from the optical distance 
between the image storing medium and the second sensor, thus allowing the 
visible and infrared light to be individually focused on their respective sensors. 
In one embodiment, the reflective surface comprises a cold mirror, while in 
another embodiment the reflective surface comprises a hot mirror. 

The first sensor may comprise a trilinear CCD array which is responsive 
to visible light, and the second sensor may comprise one or more linear CCD 
arrays which are responsive to infrared light (such as a conventional trilinear 
CCD array). The methods of the present invention may be employed with a 
variety of image storing media, particularly transparent media such as film (both 
positive and negative films). When a transparent media is employed, the 
detecting steps may comprise detecting light which is transmitted through the 
transparent medium. 

A digital representation of an image generated by the above methods is 
also provided herein. The original image may include surface defects, while 
these surface defects are substantially absent in the digital representation of the 
image. 

The present invention further provides a system for use in generating a 
digital representation of an image, and this system may comprise: one or more 
light sources operable to apply first and second types of light to an image storing 


3 


ASF99216-PA 


Docket No. 24012-3 

medium having an image; a first sensor responsive to at least the first type of 
light; a second sensor responsive to at least the second type of light; and a 
reflective surface which reflects the first type of light and transmits the second 
type of light. The reflective surface may be positioned such that when the first 
5 and second types of light are applied to an image storing medium, the first type 
of light which is reflected from or transmitted through the image storing medium 
will be reflected towards the first sensor and the second type of light which is 
reflected from or transmitted through the image storing medium will be 
transmitted through the reflective surface towards the second sensor. 

10 The system may also be configured such that the first type of light may 

be focused on the first sensor, and the second type of light may be focused on 
the second sensor. For example, the optical distance between the image storing 
medium and the first sensor and the optical distance between the image storing 
medium and the second sensor may be adjusted independently of one another. 

15 In one embodiment, the first and second sensors are movable with respect to the 
reflective surface such that the first and second types of light may be focused on 
their respective first and second sensors. The system may be configured, for 
example, as a scanner. 

The first and second types of light are preferably of a different 
20 wavelength, with the wavelength of the second light chosen for acquiring data 
indicative of defects in the original image storing medium. In this manner, the 
second image signal provides a map of defects which may be used to modify the 
first image signal and generate a digital representation which does not include 
the defects. For example, the first light may comprise visible light, and the 
25 second light may comprise infrared light. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a schematic representation of an imaging system according 
to the present invention for acquiring image data which may be used to generate 
a digital representation of an image; 

Figure 2 is a schematic representation of one exemplary embodiment of 
the scanner system portion of the imaging system of Fig. 1; and 

Figure 3 is a schematic representation of the manner in which image data 
acquired by the scanner system of the present invention may be used to 
eliminate defects from a digital representation of an image. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The present invention provides methods and apparatus for simultaneously 
scanning an image with two different types of light (such as visible and infrared 
light). The methods and apparatus can be used, for example, to correct image 
defects. Light which is reflected from or transmitted through the image storing 
medium is directed to a pair of sensors by a reflective surface (such as a cold 
mirror or a hot mirror) which reflects one type of light while transmitting the other. 
Infrared light, for example, may be transmitted through the reflective surface to 
a first sensor, while visible light is reflected by the reflective surface to a second 
sensor. Alternatively, visible light may be transmitted through the reflective 
surface to a first sensor, while infrared light is reflected by the reflective surface 
to a second sensor. In this manner, an image can be simultaneously scanned 
with infrared and visible light. In addition, the two different types of light (such 
as visible and infrared light) can be individually focused on their respective 
sensors (such as by adjusting the focal plane or by adjusting the positioning of 
the sensor). 
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Conventional scanning systems typically utilize only visible light for 
purposes of scanning an image on a substrate. If the image includes surface 
defects such asdust, scratches, or fingerprints, lightdirected at the substrate will 
be attenuated by the surface defects. If a particular point of the image includes 
a surface defect, less light will reach the sensor, and each of the three image 
records (i.e., red, green and blue) will therefore include an intensity value for the 
pixel corresponding to that point which is too low. When the digital 
representation of the image is viewed or printed, the defect will appear as a 
darkened area. 

As described in U.S. Patent No. 5,266,805, which is incorporated herein 
by reference, as well as U.S. Patent Application Serial No. 60/073,602 (filed 
February 4, 1 998), image defects may be substantially eliminated by employing 
an infrared scan in addition to the visible light scan. Infrared light applied to the 
image is attenuated by any surface defects to nearly the same extent that visible 
light is attenuated by the surface defects. In the case of a film substrate wherein 
the image is formed from colored dyes, the dyes are generally transparent to 
infrared light. Thus, if the image is scanned with infrared light, the image itself 
will generally not attenuate the infrared light, and the resulting infrared image 
record will only include data indicative of the surface defects. The infrared image 
record may thereafter be employed to eliminate any surface defects from the 
red, green and blue image records, thus providing a digital representation of the 
image which is substantially free of any surface defects present in the original 
image. 

Most sensors used for acquiring image data during scanning are 
responsive to both visible and infrared light. Conventional systems used for 
scanning an image with both visible and infrared light generally scan with visible 
light at a different time than the infrared light. Accordingly, the infrared and 
visible light scans occur separately. In some conventional applications, the 
visible light is blocked or turned off during the infrared scan. Other conventional 
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applications turn on and turn off the respective light sources. While LED's or 
similar visible light sources can be quickly turned off and on, more commonly 
used light sources (such as fluorescent lights) take considerably longer time to 
warm up and reach the required stable intensity. Accordingly, conventional 
systems for turning the light sources on and off generally cause further delays 
in scanning subsequent images. The present invention allows for the infrared 
scan to take place concurrently with the visible light scan (i.e. , without turning off 
and on the visible light source). 

Figure 1 depicts an imaging system 10 according to the present invention. 
Imaging system 10 includes a scanner system 11 and a computer system 19. 
As described in greater detail below, scanner system 1 1 is employed to acquire 
image data from an image, and the acquired image data may be transmitted to 
computer system 19 for further processing. As is well known to those skilled in 
the art, computer system 1 9 may also be employed to control the operation of 
scanner system 11. Computer system 19 may comprise any device which is 
capable of processing data in accordance with one or more instructions, and 
generally includes a CPU and memory. Examples include a personal computer, 
workstation, server, mainframe, embedded system, microprocessor, discrete 
logic system, and the like. Computer system 19 processes data received from 
scanner system 1 1 in order to generate a digital representation of the original 
image. It should be noted that computer system 19 need not be physically 
separate from scanner system 11, since these components of imaging system 
10 may be physically combined with one another. 

The digital representation of the scanned image generated by computer 
system 19 may be stored in a computer readable medium. Suitable computer 
readable media can take a variety of forms, including magnetic storage (such as 
hard disk drives, floppy diskettes, etc.), optical storage (such as laser discs, 
compact discs, etc.), electronic storage (such as random access memory "RAM", 
read only memory "ROM", programmable read only memory "PROM", etc.), and 
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the like. The digital representation of the scanned image 1 1 may also be 
transmitted to an output device 21 which is optionally included in imaging system 
10. Output device 21 may comprise any device for displaying or printing a digital 
representation of an image, such as a video monitor or a printing device (such 
as a laser printer, or other suitable device for printing images onto a substrate). 

Scanner system 1 1 is depicted in Fig. 2, and generally comprises a light 
source 12 and sensors 15 and 115. Scanner system 11 may be used to scan 
an image on an image storing medium. Scanning generally comprises applying 
light to the image, and detecting light which is reflected from and/or transmitted 
through the image. In the embodiment of scanner system 1 1 shown in Fig. 2, 
first light source 12 is operable to apply both visible and infrared light to an image 
storing medium, such as film 40 having an image 41 thereon. Additional optics 
may be positioned between light source 12 and the image to be scanned in order 
to, for example, illuminate image 1 1 more uniformly. 

One of sensors 15 and 115 may be used to detect visible light, while the 
other may be used to detect infrared light. A pair of sensors are employed in 
order to simultaneously acquire image data from both the visible scanning light 
and the infrared scanning light. Sensors 15 and 115, however, may be 
physically separated from one another, and the scanning light is therefore split 
into its visible and infrared components prior to reaching sensors 15 and 115. 
A reflective surface 13 (such as a cold mirror or a hot mirror) reflects either the 
visible or infrared light towards sensor 15, while the other, non-reflected light is 
transmitted through reflective surface 13 towards sensor 115. By way of 
example, when reflective surface 13 comprises a cold mirror, the visible light is 
reflected towards sensor 15, while the infrared light is transmitted through 
reflective surface 13 towards sensor 115. In another embodiment, when 
reflective surface 1 3 comprises a hot mirror, the infrared light is reflected towards 
sensor 15, while the visible light is transmitted through reflective surface 13 
towards sensor 115. 
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Light source 12 is operable to apply both visible light (particularly white 
light) and infrared light concurrently to the image storing medium. First light 
source 12 may include any of a variety of apparatus capable of emitting both 
visible and infrared light, including conventional lamps (such as an incandescent, 
5 fluorescent or halogen lamp), LED's, and direct gas discharge lamps (such as 
xenon lamps). Filters, or other wavelength modifiers or limiters may be included 
in first light source 12 so that light source 12 is operable to apply visible and 
infrared light to the image storing medium. In another embodiment, separate 
visible and infrared light sources are employed in order to direct visible and 
1 0 infrared light at the image storing medium. 

Optics, such as lens 14 (or a plurality of lenses and/or other optical 
elements), may also be provided in order to focus or otherwise direct the light 
transmitted through image 41 onto sensors 15 and 1 15. Additional optics may 
also be provided between reflective surface 13 and the sensors 15 and 1 15 in 
15 order to further focus or otherwise direct the light transmitted through image 41 
onto the sensors. In an alternative embodiment, lens 14 may be replaced by 
focusing optics (such as one or more lenses) positioned between reflective 
surface 13 and one or both of sensors 15 and 115. 

By way of example, scanner system 11 may be used to scan an image 
20 storing medium comprising film 40 having an image 41 thereon. When light from 
light source 12 is applied to image 41 , the visible portion of light passing through 
film 40 is attenuated by image 41. In the embodiment of Fig. 2 wherein reflective 
surface 13 comprises a cold mirror, the visible light transmitted through image 
41 is directed to sensor 15 by reflective surface 13. Sensor 15 detects the 
25 amount of light transmitted through image 41 , and generates an electrical signal 
in response thereto. This electrical signal is representative of image 41, and 
may thereafter be processed in order to generate a digital representation of the 
image. 
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As seen in Fig. 2, image 41 includes a surface defect 42 (such as a 
scratch). If image 41 is scanned only with visible light, the resulting digital 
representation of image 41 will include defect 42, since the visible light will be 
attenuated by both image 41 and defect 42. In order to eliminate surface defect 
42 from the digital representation of image 41, image 41 is also scanned with 
infrared light. 

The infrared scan used to generate a defect image record is performed 
concurrently with the visible light scan described above (such as by employing 
a light source 12 which emits both visible and infrared light). The infrared light 
applied to film 40 is attenuated only by surface defect 42 of image 41 , since the 
dyes which form image 41 will generally not attenuate infrared light. The infrared 
light transmitted through image 41 is then directed to sensor 115. By way of 
example, lens 1 4 may be used to direct both infrared and visible light transmitted 
through image 41 in the direction of reflective surface 13. As discussed 
previously, the visible light is reflected from reflective surface 13 in the direction 
of sensor 15. The infrared light, however, is transmitted through reflective 
surface 13 such that it continues in the direction of sensor 115. As discussed 
previously, in another embodiment reflective surface 13 comprises a hot mirror 
which reflects infrared light and transmits visible light. 

In the embodiment shown in Fig. 2, sensor 115 detects the amount of 
infrared light transmitted through image 41, and generates an electrical signal 
in response thereto. This electrical signal is representative of the surface 
defects of image 41 , and may thereafter be processed in order to remove such 
surface defects from the digital representation of image 41 . 

The scanner system of the present invention may employ any of a variety 
of light responsive sensors 15 and 1 15 (i.e., any sensor which can generate an 
electrical signal in response to light). Suitable sensors include phototransistors, 
photoresistors, charge coupled devices (CCD's), time delay integration arrays 
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("TDI" arrays), or any other device capable of responding to light. It should be 
pointed out that the term CCD is typically used generically in the art to refer to 
a semiconductor sensor array. The sensor may include one or more individual 
sensor elements, each of which is light responsive. A CCD sensor, for example, 
will include a one or more individual photosensitive elements, such that each 
sensor element of the CCD acquires image data corresponding to a discrete, 
typically very small, region of the image being scanned. A plurality of individual 
sensor elements may be arranged in an array to allow for the scanning of an 
entire area of an image at one time. Alternatively, a plurality of individual sensor 
elements may be arranged in one or more rows such that the CCD sensor will 
acquire image data on a line by line (rather than area) basis. A single sensor 
element, or two or more individual sensor elements wherein each sensor 
element is sensitive to visible light of a particular color, may also be employed, 
such that the sensor element will acquire image data on a point by point basis. 

In the exemplary scanner system depicted in Fig. 2, sensor 1 5 comprises 
a CCD sensor having a trilinear array of photosensitive elements. Thus, as 
shown by magnified portion 25, sensor 1 5 actually comprises three parallel rows 
of individual sensor elements, wherein each row is sensitive to visible light of a 
particular color (as well as infrared light). For example, a first row 26 of sensor 
elements is responsive to red visible light, whereas a second row 27 of sensor 
elements is responsive to green visible light and a third row 28 of sensor 
elements is responsive to blue visible light. All three rows of sensor elements 
may also be responsive to infrared light, in addition to the particular color of 
visible light noted above. However, as described previously, in the embodiment 
shown in Fig. 2, the infrared light used for scanning is generally not directed to 
sensor 15 when reflective surface 13 comprises a cold mirror. 

Sensor 115 may comprise any of the various types of sensors described 
above which are responsive to infrared light. For example, sensor 1 1 5 may also 
comprise a CCD sensor having a one or more linear arrays of photosensitive 
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elements, such as a trilinear array. All three rows of sensor elements in 
commercially-available trilinear arrays are typically responsive to infrared light. 
Thus, when sensor 115 comprises such a trilinear array, one or more rows of 
sensor elements may be used to detect infrared scanning light. Of course a 
5 linear sensor having a single row of infrared-sensitive sensor elements may also 
be employed as sensor 115. 

As noted in Fig. 2, when sensor 15 comprises a trilinear array, the light 
responsive region 16 of sensor 15 projects back through lens 14 as a line 22 
extending vertically across image 41 . When sensor 115 also comprises a linear 

1 0 array (such as a trilinear array), sensor 1 1 5 may be positioned such that the light 
responsive region 116 of sensor 115 projects back through lens 14 as the same 
line 22. Thus, each sensor element of first row 26 of sensor 15 will provide a 
signal corresponding to the red component of an individual point along projection 
line 22 of image 41 . By scanning across the width of image 41 of film 40 (such 

15 as by advancing film 40 in the direction shown), the red, green and blue 
components of each point of image 41 will be acquired by sensor rows 26, 27 
and 28, respectively, of sensor 15, and the image defect data of each point will 
be acquired by sensor 115. 

In order to scan the entire width of image 41, film 40 must be moved 
20 perpendicularly to projection line 22, as shown. In this manner, image and 
defect data will be acquired by sensors 15 and 115 on a line by line basis. 
Alternatively, film 40 may remain stationary and sensors 15 and 115, lens 14 
and/or light source 12 may be moved in order to scan across the width of image 
41 . Of course other types of sensors may negate the need to advance film 40 
25 in order to scan the entirety of image 41 (such as a CCD area sensor), or may 
necessitate other scanning patterns. 

in the embodiment of Fig. 2, sensor 15 provides an electrical signal 
representative of image 41, while sensor 115 provides an electrical signal 
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representative of any surface defects on image 41 . In other words, sensor 1 5 
provides image data which may be used to generate a digital representation of 
image 41 , and sensor 115 provides surface defect data which may be used to 
remove surface defects from the digital representation of image 41. Before 
5 transmitting the image and defect data to computer system 19 for further 
processing, scanner system 1 1 may process the image data in order to provide 
a more suitable data stream for computer system 1 9. Thus, as is well-known to 
those skilled in the art, scanner system may include an analog-to-digitai 
converter 38, as shown in Fig. 2. In this manner, image and defect data from 

10 sensors 15 and 115 will be converted into one or more digital signals to be 
transmitted to computer system 19. Scanner system 1 1 may also include a pre- 
processor means for further processing the image and defect data signals prior 
to their transmission to computer system 19. In fact, commercially-available 
sensors, including trilinear arrays, typically are provided on a unitary circuit board 

1 5 which includes not only the sensor, but also an analog-to-digital convertor, a pre- 
processor means, and other circuitry capable of transmitting a suitable digital 
signal comprising the data acquired by the sensor during scanning. 

The image data acquired by sensor 1 5 is converted into a digital signal by 
A/D converter 38, and is transmitted to computer system 19 for further 
20 processing. The acquired image data (from sensor 15) transmitted to computer 
system 19 generally comprises three numeric values for each point of image 41. 
Scanner system 11 will provide to computer system 19 numeric values 
corresponding to the red, green and blue light intensity levels of each point in 
image 41 (including any surface defects in the image substrate). 

25 Computer system 19 processes the data received from scanner system 

1 1 in order to provide red, green and blue image records 34, 35 and 36, 
respectively (as shown in Fig. 3). Each of these digital image records comprises 
a series of numeric values which describe the intensity of the particular color of 
light at each pixel of the image record. For example, pixel 37 of blue image 
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record 36 will contain a number indicating the intensity of the blue component of 
point 17 of image 41. Each point of image 41 will have a corresponding pixel 
value in each of the three digitized image records 34, 35 and 36. These three 
image records may then be stored by computer 19 as a digital representation of 
image 41 (i.e., a file, which may be stored in a compressed or uncompressed 
form. The digital representation of image 41 may thereafter be retrieved in order 
to display (such as on a video monitor) or print (such as using a laser printer or 
other suitable printer) image 1 1 . Of course each of the three visible light image 
records 34, 35 and 36 will include surface defect 42, since such surface defect 
attenuates red, green and blue light. 

The infrared defect data is processed by scanner system 1 1 in a manner 
similarto that described above for the visible light data. Thus, the infrared defect 
data acquired by sensor 115 is converted into a digital signal by A/D converter 
38, and is transmitted to computer system 19 for further processing. The 
infrared defect data is processed by computer 19 in order to produce a fourth 
digital image record 47 (see Fig. 3). The dyes which form image 41 do not 
generally attenuate infrared light, and infrared image record 47 will therefore only 
include data indicative of defect 42. Infrared image record 47 may be used to 
eliminate surface defects from the red, green and blue image records 34, 35 and 
36, respectively. In essence, infrared image record 47 will indicate which pixels 
include an image defect and the amount by which such image defect attenuates 
light transmitted through the original image 41 . Therefore, any such pixels can 
be corrected in the red, green and blue image records (34, 35, 36) using infrared 
image record 47 as a map. 

Various algorithms known to those skilled in the art may be used to 
remove the defect data from the three visible light image records. Exemplary 
algorithms are described, for example, in U.S. Patent No. 5,266,805 and U.S. 
Patent Application Serial No. 60/073,602 (filed February 4, 1998), both of which 
are incorporated herein by way of reference. For example, a defect-containing 
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pixel 58 in blue image record 36 may have a numerical value indicative of a 40% 
brightness measurement. The brightness of this pixel should be 50%, however 
surface defect 42 of the original image 41 has reduced the amount of visible light 
which reached the sensor during scanning by 20%. The corresponding pixel 59 
in the infrared image record 47 may have a numerical value indicative of an 80% 
brightness measurement because the surface defect has attenuated 20% of the 
infrared light directed at the point in image 41 which corresponds to pixel 59 of 
infrared image record 47. Function block 50 simply divides the 40% brightness 
level for pixel 58 by the 80% brightness measurement corresponding to pixel 59 
of infrared image record 47, thereby providing a corrected brightness value of 
50% for pixel 58 of blue image record 36. This division is repeated for each pixel 
of the red, green and blue image records in order to generate corrected 
brightness values for each pixel wherein the effect of surface defect 42 on the 
brightness values is eliminated. In this manner, corrected red, green and blue 
image records 54, 55 and 56, respectively, are produced. These three corrected 
image records may then be combined in the manner well-known to those skilled 
in the art to provide a digital representation of the original image 41, minus 
surface defect 42. 

It should be noted that elimination of the surface defect using function 
block 50 and the method described above is merely exemplary of one possible 
technique. Function block 50 may be included in software contained in computer 
system 19 in order to allow for processing of the four image records, as 
described above. 

When visible and infrared light are transmitted through the same optics 
(such as lens 14), the focal plane (i.e., the plane upon which the light is focused) 
for the infrared light will be displaced relative to the focal plane for the visible 
light. Conventional systems used for scanning an image with both visible and 
infrared light generally use the same sensor for detecting both visible and 
infrared light. The image is simply scanned with visible light at a different time 
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than with infrared light. Because of the focai plane displacement described 
above, the infrared light delivered to the sensor is somewhat diffused (i.e., not 
sharply focused), thereby reducing the effectiveness of the defect correction. 

The present invention overcomes the problem of focai plane displacement 
5 in that the visible and infrared scanning light may be individually focused on their 
respective sensors. Individual focusing may be accomplished by altering the 
focal planes for the infrared and visible light and/or by positioning sensors 15 
and 115 to correspond to the focal plane of the visible and infrared light, 
respectively. 

10 In one embodiment, the optical distance from film 40 to sensor 1 5 may be 

different than the optical distance from film 40 to sensor 1 1 5 in order to account 
for the focal shift noted above. For example, the distance from reflective surface 
1 3 to sensor 1 5 may be different than the distance from reflective surface 1 3 to 
sensor 115, thus allowing the infrared and visible light to be precisely focused on 

15 their respective sensors. As shown in Fig. 2, the scanner system also may be 
configured such that each sensor may be independently moved relative to 
reflective surface 13 in order to individually and independently focus the infrared 
and visible light on their respective sensors. 

Alternatively, additional optics (such as one or more lenses) may be 
20 provided between reflective surface 13 and each sensor in order to allow the 
visible and infrared light to be individually focused on their respective sensors. 
In this manner, both the visible and the infrared light transmitted through image 
41 can be precisely focused on sensors 15 and 115, respectively (i.e., each 
sensor is positioned at the proper focal plane). These additional optics may 
25 even be adjustable to allow each type of light to be focused on the appropriate 
sensor, with or without altering the position of the sensor. 
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While adjusting the focusing of the visible and infrared light on their 
respective sensors may also result in a change in magnification, magnification 
differences between the visible and infrared light may be adjusted or 
compensated for. Thus, software may be employed to recalibrate size and 
registration of the visible and infrared data based on a known scanned image. 
Alternatively, additional optics which affect or stabilize magnification may be 
used (such as between reflective surface 1 3 and one or both of sensors 1 5 and 
115). 

It should also be pointed out that Figure 1 depicts a transmission scan 
wherein line sensor 15 detects light which has been directed through image 1 1 
on film 10. While such an arrangement is suitable for the scanning of 
transparent substrates such as photographic film (both negative and positive 
images), it is not suitable for scanning photographic prints or other opaque image 
storing mediums. Therefore, a reflection scan should be used for such 
materials, in a reflection scan, visible light from a suitable light source is once 
again applied to the substrate having the image. A CCD, or other suitable 
sensor, is used to detect light which is reflected from the image, rather than light 
which is transmitted through the image. The image data gathered by the sensor, 
however, is processed in the same manner as that described above for the 
scanner system shown in Fig. 2. 
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1 . A method for generating a digital representation of an image, comprising: 

(a) applying visible and infrared light to an image storing medium 
which includes the image; 

(b) directing said visible and infrared light which is reflected from or 
transmitted through said image storing medium to a reflective surface, 
wherein said visible light is reflected by said reflective surface towards a 
first sensor and said infrared light is transmitted through said reflective 
surface towards a second sensor; 

(c) detecting said visible light which is reflected from or transmitted 
through said image storing medium at said first sensor in order to provide 
a first image signal; and 

(d) detecting said infrared light which is reflected from or transmitted 
through said image storing medium at said second sensor in order to 
provide a second image signal; 

whereby said second image signal may be used to modify said first image signal 
to generate a modified digital representation of said image. 

2. The method of claim 1 , wherein said visible and infrared light are applied 
to the image storing medium from the same light source. 

3. The method of claim 1 , wherein said visible and infrared light are applied 
to the image storing medium from separate light sources. 

4. The method of claim 2, wherein the optical distance between said image 
storing medium and said first sensor is different from the optical distance 
between said image storing medium and said second sensor. 

5. The method of claim 1, wherein said visible and infrared light are 
simultaneously applied to said image storing medium. 
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6. The method of claim 5, wherein said first sensor comprises a trilinear 
CCD array. 

7. The method of claim 6, wherein said second sensor comprises one or 
more linear CCD arrays. 

8. The method of claim 1, wherein said image storing medium comprises 
film, and wherein said steps of detecting visible and infrared light comprise 
detecting light which is transmitted through said film. 

9. The method of claim 1 , wherein said reflective surface comprises a cold 
mirror. 


10. A method for generating a digital representation of an image, comprising: 

(a) applying visible and infrared light to an image storing medium 
which includes the image; 

(b) directing said visible and infrared light which is reflected from or 
transmitted through said image storing medium to a reflective surface, 
wherein said visible light is transmitted through said reflective surface 
towards a first sensor and said infrared light is reflected by said reflective 
surface towards a second sensor and; 

(c) detecting said visible light which is reflected from or transmitted 
through said image storing medium at said first sensor in order to provide 
a first image signal; 

(d) detecting said infrared light which is reflected from or transmitted 
through said image storing medium at said second sensor in order to 
provide a second image signal; and 

whereby said second image signal may be used to modify said first image signal 
to generate a modified digital representation of said image. 
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1 1 . The method of claim 1 0, wherein said visible and infrared light are applied 
to the image storing medium from the same light source. 

1 2. The method of claim 1 0, wherein said visible and infrared light are applied 
to the image storing medium from separate light sources. 

13. The method of claim 1 1 , wherein the optical distance between said image 
storing medium and said first sensor is different from the optical distance 
between said image storing medium and said second sensor. 

14. The method of claim 10, wherein said visible and infrared light are 
simultaneously applied to said image storing medium. 

15. The method of claim 14, wherein said first sensor comprises a trilinear 
CCD array. 

16. The method of claim 15, wherein said second sensor comprises one or 
more linear CCD arrays. 

17. The method of claim 10, wherein said image storing medium comprises 
film, and wherein said steps of detecting visible and infrared light comprise 
detecting light which is transmitted through said film. 

18. The method of claim 10 wherein said reflective surface comprises a hot 
mirror. 

19. A system for use in generating a digital representation of an image, 
comprising: 

(a) one or more light sources operable to apply first and second types 
of light to an image storing medium having an image; 

(b) a first sensor responsive to at least said first type of light; 
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(c) a second sensor responsive to at least said second type of light; 
and 

(d) a reflective surface which reflects said first type of light and 
transmits said second type of light, said reflective surface positioned such 

10 that when said first and second types of light are applied to an image 

storing medium, said first type of light which is reflected from or 
transmitted through said image storing medium will be reflected towards 
said first sensor and said second type of light which is reflected from or 
transmitted through said image storing medium will be transmitted 

15 through said reflective surface towards said second sensor. 

20. The system of claim 19, wherein said system is configured such that said 
first type of light may be focused on said first sensor, and said second type of 
light may be focused on said second sensor. 

21 . The system of claim 1 9, wherein said system is configured such that the 
optica! distance between said image storing medium and said first sensor and 
the optical distance between said image storing medium and said second sensor 
may be adjusted independently of one another. 

22. The system of claim 1 9, wherein said reflective surface is chosen from the 
group consisting of a hot mirror and a cold mirror. 

23. The system of claim 1 9, wherein said first type of light comprises visible 
light, and said second type of light comprises infrared light. 

24. The system of claim 19, wherein said first type of light comprises infrared 
light, and said second type of light comprises visible light. 

25. The system of claim 19, further comprising single light source operable 
to apply said first type and said second type of light to an image storing medium. 
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26. The system of claim 19, wherein said system comprises a scanner. 

27. The system of claim 26, wherein said first type of light comprises visible 
light, said second type of light comprises infrared light, said first sensor 
comprises a trilinear CCD array and said second sensor comprises one or more 
linear CCD arrays. 

28. The system of claim 26, wherein said first type of light comprises infrared 
light, said second type of light comprises visible light, said second sensor 
comprises a trilinear CCD array and said first sensor comprises one or more 
linear CCD arrays. 

29. Adigital representation of an image, generated by the method comprising: 

(a) applying a visible and infrared light to an image storing medium 
which includes the image; 

(b) directing said visible and infrared light which is reflected from or 
5 transmitted through said image storing medium to a reflective surface, 

wherein one of said visible and infrared light is reflected by said reflective 
surface towards a first sensor and the other is transmitted through said 
reflective surface towards a second sensor; 

(c) detecting said visible light which is reflected from or transmitted 
10 through said image storing medium in order to provide a first image 

signal; 

(d) detecting said infrared light which is reflected from or transmitted 
through said image storing medium in order to provide a second image 
signal; and 

15 (e) modifying said first image signal by said second image signal in 

order to generate a modified digital representation of said image. 
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30. The digital representation of claim 28, wherein said image includes 
surface defects, and wherein said surface defects are substantially absent in 
said digital representation of the image. 


23 


ASF99216-PA 


Docket No. 24012-3 

ABSTRACT OF THE DISCLOSURE 

A method for generating a digital representation of an image by scanning 
the image with two different types of light. A system for use in generating a 
digital representation of an image, as well as digital representation of an image 
are also provided. 


513378.01 
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